The amounts of Zn and Mg eluted from the zinc polycarboxylate cement into acetic, lactic and citric acids increased with an increase in the formation constant of the acid-Zn or -Mg complexes. The erosion process consisted of two processes, namely, dissolution of the unreacted cement powder and decomposition of the matrix.
INTRODUCTION
Tests on the solubility and disintegration of dental cements in water are usually done according to specifications established by A.D.A., ISO and JIS. In these specifications, the residue left in a weighing bottle after vaporization of the water or the phosphate eluted is determined gravimetrically or spectrophotometrically, respectively. It has been often pointed out that discrepancy is observed between the results of the test and durability of the cement in clinical use. [1] [2] [3] One of the most important reasons is that the test adopts water as a soaking solution.
Oral fluid may contain lactic acid produced by bacteria and some other organic acids.
It is difficult to estimate this durability by laboratory tests. Therefore it is necessary to clarify the erosion process of the cements in such organic acids in order to accurately predict the behavior in the mouth. However there were few studies on the erosion of the cements in the acids. 3, 4) The authors have previously investigated the erosion of a zinc phosphate cement in acetic, lactic and citric acids.5) In this study, the erosion of zinc polycarboxylate cements in those acids was investigated. The aim of the study was to clarify the erosion process on the basis of the observation of change in the surface structure.
MATERIALS AND METHODS
The two brands of zinc polycarboxylate cements used in this study are listed in Table 1 .
Preparation of a specimen for the erosion test
Each cement was mixed at room temperature according to the manufacturers' recommendations. The cement paste was poured in a Teflon ring (10mm inside diameter, 1mm thick) placed on a flat glass plate. Another glass plate was used to press the cement into the ring after a piece of dental floss was placed on the paste. Three minutes after the start Figure 2 shows the surfaces of the cement after immersion in the water and the 0.001M acids. It was found that the surfaces were hardly attacked by the water and the acids as compared with that before immersion (Figures 1 and 2 ). However, many small particles were seen on the surfaces of the cements, they were slender in the case of acetic and lactic acids but spherical in the case of citric acid. It is unknown, at present, how those particles were formed.
The vertical sections after immersion were almost the same as those before Figure 3 Surface structure of cement 1 after immersion in the 0.01M acids. Table 2 . The ratio increased with a decrease in concentration of each acid.
This suggested that Mg was eluted more easily than Zn at the beginning of the erosion. Table 3 shows pH values of the acid solutions before and after immersion. It was impossible to measure pH of the water before immersion because CO2 gas in the atmosphere dissolved into the water causing a large variation in pH.
The water became alkaline after immersion. The pH of the acid solutions was increased by immersion, but was always Figure 4 Zn and Mg eluted from cements 1 (a) and 2 (b) CA: citric acid, LA: lactic acid, AA: acetic acid, DW: deionized water Table 2 Weigt ratio of Mg and Zn eluted in the acids Table 3 The pH values before and after immersion of the cements * pH before immersion , ** pH after immersion lower than 7. It was suggested that the acid solutions was neutralized by basic ZnO or MgO in the cements, which remained unreacted after the setting reaction. Therefore it should be considered that Zn and Mg eluted from the cements were mainly derived from the unreacted cement powders. It was the most remakable in the citric acid. Figure 6 shows the infrared spectra for the smooth surface part and the uneroded inner part of the cement shown in Figure 3 decreased and approached the ratio in the original cement powder with an increase in concentration of the acids. This suggested that Mg was preferentially eluted from the cement at the initial stage of the erosion. The cement matrix was hardly eroded by the water and the 0.001M acids. Therefore it was considered that Zn and Mg were mainly derived from the unreacted cement powder and the larger solubility of Mg(OH)2 (or MgO) caused a high Mg/Zn ratio in the solution. It is also necessary to take in account the formation constants of the acetic, lactic and citric acids-Zn and -Mg complexes in order to explain the increse in the amount of Zn and Mg in those acids.
3) The formation constant increased in order of acetic, lactic and citric acids, as shown in Table 4 .13) The order well agreed with the amount of Zn and Mg eluted (Figure 4 ). Pulver and Rossington4) concluded that the greater solubility of the silicate cement in the acids was due to the complex formation of metallic cations in the cement with the acids. Therefore, the complex formation may be the most important factor determining the degree of erosion in the polycarboxylate cement. This was also the case in zinc phosphate cement, as shown in our previous study.5) Only the former occured in the acetic acid, while both processes occurred in the citric acid, whose complexes were more stable. Erosion of the matrix took place with the exchange reaction between H+ ion in the acid and Zn2+ or Mg2+ ion in the matrix.
